It was found by chemical-state--discriminated
X-ray-excited photoelectron intensities from the single crystal surface are known to have the strong dependence on the emitted angle due to photoelectron diffraction (X-ray photoelectron diffraction, XPED) effects. XPED phenomena are very sensitive to the geometric environment of specific atoms (emitter atoms) in the surface layer, so the information on the surrounding arrangements of emitter atoms can be obtained by means of XPED measurements [1] . XPED is a particularly useful tool for the characterization of the surface layer, since it is much less destructive and is applicable to a wide range of the samples including insulators, in comparison with charged particle irradiation methods.
From the viewpoint of detecting the X-ray-excited photoelectrons, XPED essentially has the common characteristics with X-ray photoelectron spectroscopy (IFS) .
An X-ray photoelectron spectrum shows chemical shifts of a core photoelectron peak corresponding to the chemical state of the atom. Chemical-state-discriminated XPED is, on a material system in which one element distributed over two or three phases, a method to provide information on the structure of each phase based on chemical-state-discrimination by the chemical shifts of photoelectron peaks [2] It is well known that CaF2 (fluorite) surface is damaged by electron bombardment to desorb fluorine atoms, and in ultrahigh vacuum system a lot of surface defects are formed, consequently [3, 4] . (2), it is obvious that the <111> axis is parallel to the surface normal. In Fig.  3 
